In connection with certain calculations undertaken primarily to ascertain what degree of purity of magnesium carbonate might be expected if it were deposited by evaporation at constant temperature of a solution containing both magnesium and calcium carbonates, it became necessary to determine the appropriate solubility-product constants. Values of these quantities were calculated some years ago by Bodlander,* but these must now be revised because some of the constants employed by him are now known to be erroneous. Bodlander's calculations for calcium carbonate were revised later by S t i e g l i t~,~ in connection with calculations relative to the effect of a change in the amount of carbon dioxide in the atmosphere upon the proportion of calcium carbonate in gypsum deposited by the evaporation a t constant temperature of solutions (e. g., sea water) containing both. The available data have now all been recomputed so as to obtain really comparable values of these solubilityproduct constants which should be consonant with present-day knowledge of the various quantities involved in the calculations. With a knowledge of these constants one can make certain deductions which are important in relation to the question of the nature and character of the solid deposited when solutions containing both carbonates are evaporated down.
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The constant cannot be obtained directly from observations on the solubility of the carbonate M e 0 3 in pure water for two reasons: ( I ) because of the hydrolysis, the amount of which is in the first instance unknown; (2) because, as will be shown later, there cannot be true equilibrium except the solution be in contact, and have came to equilibrium, with a definite partial pressure of COz which must be measured. But if the partial pressure of COz is known, and the conqentration of the saturated solution in contact with it (and with a definite solid phase) is deter4 mined, the solubility-product constant can readily be calculated. The equilibrium between the solid carbonate MC03, the solution, and an atmos- (1909) . This paper is not so widely known as it deserves to be, probably because no one would look in such a book for a paper dealing with such a topic.
phere in which the partial pressure of COZ is P , is determined completely by the following four equations, in all of which, and throughout this paper, symbols such as [MI represent the molar concentration of the species denoted by the symbol enclosed with.in the brackets : (I) . [M++l[cos=l = K M (11) . [H2CO,] = k'[COJ = c'P (I) defines the solubility product K M , which we wish to calculate; (11) expresses the equilibdum between the undissociated dissolved carbonic acid and the partial pressure P of the COz in contact with the solution;
while (111) and (IV) define, respectively, the first and second ionization constants of carbonic acid in aqueous solution. At a given temperature the values of kl and kz, which are invariable, are known; the quantity c', which is a measure of the solubility of COz in the solution, varies, however, with the salt concentration of the solution. We shall now proceed to evaluate these constants.
The Solubility of C 0 2 in Water and Salt Solutions.
The absorption-coefficient CY of a gas, as given in tables of constants, is defined as the ratio of the volume of the. gas dissolved (reduced always to 0") to the volume of the water;' this ratio is, in accordance with Henry's law, independent of the pressure so long as the latter is not too high.
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The molar concentration of the dissolved gas is then -, when P is ex-2 2 . 4 pressed in atmospheres; for 0 ( / 2 2 . 4 we shall write c. Now if we say that the concentratiorl of un-ionized carbonic acid [HzCO~] = cP, we make the tacit assumption that none of the COz exists as such in the solution, that all of it-apart )from the ions-is present as the hydrate HzC03. But, strictly speaking, the HzC03 (which, of course, is also in equilibrium with its ionization products) is in equilibrium with the COz existing as such in solution and this in turn with the COz in the gas phase; i. Some authors give the solubility of the gas, which is the actaal volume of. gas a t the temperature in question absorbed by one volume of water; care must be taken to distinguish these two quantities.
The value of n is not known, but Walker and Cormack' from a discussion of the matter, conclude that a t 18' it is almost certainly greater than 0 . 5 . where G = a/22.4, and n, the proportion of the total CO2 in solution existing as H2C03, is greater than 0 . 5 ; we retain it, though it is unknown, in order to bring out the fact that the absolute value of certain of our constants depends upon the value assigned to n.
The absorption of C02 by water and aqueous solutions has been studied by several investigators with results which are satisfactorily concordant. Bohr2 determined it in water and in two solutions of NaC1-respectively I . 17 and 3 . 4 4 N-at temperatures ranging up to about 60'; Geffcken3 made measurements a t 15' and 25' of the solubility in 0 . 5 and I .o N solutions of a few salts and common acids. The change of absorptioncoefficient is nearly proportional to the salt concentration, and varies relatively little from one salt to another. I t is more nearly linear, and varies less for the several salts, when it is plotted against the ion-concentration of the solutions-as indeed we should expect since the proportion of un-ionized salt is small; but the existing data are too scanty to admit of any very strict generalization of this character. In the present work it was assumed that the absorption-coefficient of CO2 in the carbonate solutions is the same as in sodium chloride of the same equivalent concentration ; this mode of calculation leads to practically the same result as calculation on the basis of equality of absorption in solutions of equal ion-concentration, and is simpler to carry out. The coefficients actually used are given in the appropriate place; they were read from curves drawn on the basis of values interpolated from a large scale plot of Bohr's results in water and solutions of NaC1, as follows: 
0.0117
The next step is to obtain the value of kl and k2, or more particularly of the ratio k l / k z , which is obtained directly from McCoy's4 work on the carbonate-bicarbonate equilibrium.
Walker of COZ. Such calculations were made by McCoy; in the present calculation corrections which were indicated by McCoy, but not carried 'out, have been made for the change of solubility of COZ in salt solutions and for the degree of ionization of the sa1ts.l The latter correction was made on the basis of the principle, now well established,2 that the degree of ionization of a salt in a mixture is sensibly equal to that of a salt of the same valence type a t the same total ion-concentration; this is, a t the least, a more accurate procedure than the direct calculation from the conductivity of solutions of sodium carbonate or bicarbonate, on account of the complexity of the solutions and the consequent difficulty of interpreting the results.
McCoy made three series of determinations, all a t 25', the results of which are reproduced in Table I ; in these three series the total concentration of sodium was, respectively, 0. I , 0 . 3 and I .o N. The values of t (the molar absorption of COz) and of y1 and y2 (the degrees of ionization of NaHCOa and NaZC03, respectively) which were adopted follow:
Total conc. of Na. It will be observed that the values of nr, which are very satisfactorily concordant in each series, decrease with increasing concentration; this decrease, which is too large to be due to simple errors in the values of G and y adopted, may be attributed to failure of the tacit assumptions that n and the activity of the water are ~o n s t a n t .~ However this may where n, as before, is the fractional amount of the total C02 in solution existing in the form of HzC03. Consequently which is identical with the result originally computed by McCoy (6. o X ~o-ll), with that (6.4 X 10-l~) recalculated from the work of Shields' on the hydrolysis of sodium carbonate, and with that obtained by Auerbach and Pick2 (6 X 1 0 -l~ at 18") using still other methods.
The above value of nr was determined for a temperature of 2 5 O , but it may be applied with safety a t other temperatures not too far removed from z j O ; in using this value for other temperatures we are tacitly assuming that nr remains constant-an assumption which, though it may well prove to be far from correct, is the best that can be done so long as the necessary data are unknown.
The Solubility-Product Constant. Thus the solubility-product constant KM of a carbonate can be calculated if corresponding values of the quantities on the right hand side of Equation VI11 are known; the factors in the numerator can be derived from measurements of the solubility of the carbonate MC03 in presence of COz a t the pressure P by (I) correcting for the (always small and frequently negligible) amount of neutral carbonate p r e~e n t ,~ ( 2 ) multiplying the concentration of bicarbonate so obtained by the appropriate value of the degree of ionization, (3) inserting the appropriate values of G and P, and working out. We shall now proceed to some actual cases; but before doing so, we wish to point out that the solubility-product constant (like the solubility itself) has no significance except in relation to a definite solid phase-that this quantity is not the same for the three known forms of CaC03 (calcite, aragonite, vaterite) nor again for MgC03.3H20, 1 Shields, 2. physik. Chem , 12, 167 (1893).
2 Auerbach and Pick, "Die Alkalitat wasseriger Losungen kohlensaurer Sake," Arbeiten kais. Gesundheitsamt., 38, 243 (191 I). a As will be evident later, it is not admissible to subtract (as Bodlander did in the case of MgCOa) a constant quantity corresponding to the saturation concentration of the neutral carbonate as measured in pure water; the latter, moreover, is not a definite quantity, for there can be no equilibrium except in presence of a definite pressure of COO MgC03.H20 and MgC03 except a t the transition point of one form to the other.
The Solubility-Product Constant of Calcium Carbonate (Calcite).
Determinations of the solubility of CaC03 a t 16' have been made by Schloesingl a t partial pressures of COz ranging up to I atm. and by Enge12 a t pressures from I to 6 atm. Calculations based on their results are presented in Tables I1 and 111 .
The first two columns of Table I1 contain the actual measurements of the partial pressure (P, in atm.) and the total concentration of calcium in the solution (expressed in mols per liter); the quantities in the other columns are derived from these, except that the values of the degree of ionization (y) in the fourth column are those (as derived from the conductivity) of equivalent solutions of calcium acetate. In the third column are given the corrected total concentrations of bicarbonate, from which, by multiplication with the appropriate value of y, the values of In this case there is no doubt as to the nature of the solid phase. y .
[~a + + ] = ~/~[ H c o~-I . f i r~~a .
x IO"
Schloesing, Comfit. rend., 74, 1552; 75, 70 (1872).
* Engel, Ann. cbitim. pkys., [6] 13, 348 (1888).
A word is necessary as to the method of correcting for the neutral carbonate present-the correction namely ( = [COa"]) applied in deriving the numbers in the third column from those in the second. From Equation VI1 [HCOs-]2/[COs'] = nrcP = 247P a t 16"; and consequently if an approximate value of [HC03+] is known in advance, the concentration of COB^] (which relatively is always small) can be estimated. Thus in the most dilute solution (where the correction is greatest) of Table 11 , the correction is (0.00134)~/247 X 0.0005 = o.oooo~g.~ It can also be obtained directly as soon as a rough value of the solubility-product constant [Ca++] [COa'] is ascertained. The amount of this correction in all the solutions is evident by subtracting the figures in Column 3 (or 5 ) from those in Column 2 (or 6); in the stronger solutions it is obviously entirely negligible. Table I11 is identical in arrangement with Table 11 , except that the relative absorption-coefficients of COz are given in the third column; in this case the correction for neutral carbonate is entirely negligible, so that the total concentrations of bicarbonate are identical with the experimentally determined concentrations in the second column.
The constancy of the values tabulated in the last column is surprisingly good, especially in view of the fact that P ranges from 0.0005 atm.
(slightly greater than the amount ordinarily present in the air) to 6 atm. ; in other words, the product remains constant even when the concentration of one of the factors in the equilibrium changes as much as ten thousandfold. The mean value derived from the stronger solutions (where the experimental accuracy is greatest) is 5.50 X IO-^, a value from which we can calculate with confidence the solubility of calcite in water a t 16" saturated with COz a t any pressure up to that a t which calcium bicarbonate would begin to appear as solid phase at this temperature. Accordingly the solubility-product constant of calcite a t 16 is
It is of little use to compare this with the "solubility in pure water"2 because, except there be no vapor phase, the latter is meaningless except in relation to a definite partial pressure of COz;3 for a definite concentration of COz, in accordance with Equations VI and VII, can exist in equilibrium only with definite This is just about 9% of the quantity which ha5 been considered to represent the solubility of CaCOa in pure water. From this correction the extent of hydrolysis in the peveral solutions can obviously be readily calculated.
concentrations of HC03-and HzC03, and the latter in turn requires a definite partial pressure of COZ. ' Determinations of the amount of CaC03 in solution in presence of COn have also been made by others. Treadwell and Reuter2 made very painstaking analyses of a series of such solutions a t 15 O, but-as is obvious from a perusal of their mode of working-did not secure equilibrium conditions, a fact which is borne out by the lack of constancy of the calculated solubility-product constant. Quite recently Leather and Sen3 made series of determinations a t a number of temperatures between 15' and 40'; their solutions may have attained equilibrium, but their mode of analysis is unsati~factory.~ This was confirmed by the calculations, which yielded very irregular results; the most that one can deduce from them is that the solubility-product constant of calcite probably decreases somewhat with the te.mperature, becoming apparently about 0.5 X 10-8 a t 40'.
Seyler and Lloyd5 have also made a series of determinations of the equilibrium between solid calcium carbonate and water and certain dilute salt solutions containing excess of carbon dioxide; they kept the solutions, which were shaken occasionally, for long periods in stoppered bottles completely filled with liquid, and ascertained by titration the concentration of free COZ and of the dissolved carbonate. Unfortunately, however, their experiments were carried out at "the temperature of the laboratory ;" nevertheless despite this indefiniteness, it seemed worth while to include their results (which have been recalculated so as to conform with the others presented in this paper) because these demonstrate that the solubility-product constant of calcite is not affected by the presence in the solution of small excess amounts of added Ca++ (as CaClz or CaS04) or HC03-(as NaHC03 One obvious error is a loss of COZ, because in some cases especially in similar work with MgCOa (see postea), the tptal COz in solution, as given in their tables, is insufiieient to convert all of the base present to bicarbonate. As McCoy notes (Am. Chem. J., 29, 444 (1903)) "Carbon dioxide may readily be lost from solutions rich in bicarbonate, if care be not taken to render them alkaline a t once. Low results were invariably obtained when the bicarbonate solutions were measured into beakers and allowed to stand, even for four or five minutes, before adding an excess of alkali. Seyler and Lloyd also investigated the effect of the presence of a small amount of a salt (NaC1, NazS04, MgS04) containing no ion in common with calcium carbonate, and found an increase in the total calcium in solution, in qualitative agreement with theory; by allowing for the undissociated fraction of the several salts present one could indeed calculate the solubility-product constant in these cases too, but such calculations would have little value by reason of the paucity and uncertainty of the experimental data. I n presence of NaHC03.
General mean, 4.80 X IO+ A knowledge of these constants renders unnecessary experimental work such as that of Keiser and M~lL'Iaster,~ who investigated the ratio of the excess of COz in solution to the amount of CaC03. And the fact of this constancy is sufficient reply to statements such as the following: "While there is some evidence which supports the view that calcium bicarbonate exists in the dissolved state, the observed facts can be regarded just as logically and more conveniently as the result of the specific solvent power of the carbon dioxide-water mixture. 
.435 X IO-"/P (I). (VII). (VIII). (IX). (X).
In order to obtain the total concentration of calcium in the solution from the ion-concentrations obtained in this way one must correct for the ionization of the Ca(HC03)z;Z this can be done by dividing the value of l/2 [HC03-] by the appropriate fractional ionization (TI), the latter being read by inspection from a curve obtained by plotting the fractional ionization-as derived from the conductivity of solutions of calcium acetateagainst the concentration of Ca++. The results derived in this way for various partial pressures of C 0 2 such as may occur in atmospheric air are presented in Table IV .
The amount of COZ in ordinary air, which is about 3 parts in 10,000, corresponds, on the basis of Table IV, to about 63 parts CaC03 per million; and, as is evident from the table, comparatively small changes in the concentration of COZ in the air may, in nature, easily bring about the solution or deposition of very large quantities of calcium carbonate. Its solubility would of course be slightly different in natural waters-springs, rivers or the sea; the presence of other calcium salts would make it smaller is obtained by combination of (111) and (V) with the relation [H+] [OH-] = K w = 0.5 X 1 0 -l~ a t 18'; (X) by combination of (VII) and (IX). It may be noted that, for the purpose of these approximations, the various equations must be absolutely consistent; hence it is necessary to retain a larger number of figures than is warranted by the accuracy of the several constants, until the final result is written down.
The concentrations of COB' and of OH-are so small that ionization is practically complete,
The numerical values refer to calcite a t 16", where c = 0.0441.
by an amount readily calculable, while salts of other radicals would of themselves make it somewhat larger. It would lead too far to discuss satisfactorily this question here, and its bearing on a number of geologic phenomena.' It may be affirmed, however, on the basis of analyses cited by F. W. Clarke,2 that many natural waters are substantially saturated with calcium carbonate; while it is certain that the surface layers of the larger part of the ocean, except possibly in the Arctic and Antarctic, must in general be substantially saturated. The concentration of OH-, tabulated in the seventh column of Table  IV , which is a measure of the alkalinity of the solutions, increases with diminishing partial pressure of COZ ; indeed purposive variation of the proportion of COZ over a solution in contact with excess of calcium carbonate might, in some instances, prove a convenient method of establishing and controlling a definite alkalinity in the solution. Such an action apparently goes on on a large scale continuously in the sea, the alkalinity3 of which corresponds closely to that of the saturated solution of CaCOa in equilibrium with air containing three parts C02 per 10,000.
The Solubility-Product Constant of MgC03.3H20 (Nesquehonite).
Determinations were made by Enge14 of the equilibrium between MgCOs.3Hz0, water, and (a) COZ a t pressures ranging up to 6 atm. a t
I Z O
and (b) C02 a t I atm. a t temperatures ranging up 5 0~;~ these 1 This will be treated in another paper now in preparation. form the basis for the figures presented in Tables V and VI. These tables  are identical in arrangement with Table 111 , as the correction for [COa-] is absolutely negligible a t the concentrations in question ; the absorptioncoefficient is that for solutions of sodium chloride of equivalent concentration a t the particular temperature, the fractional ionization is that of an equivalent solution of magnesium chloride. From the last column of Table V it is evident that we have a .very satisfactory constant, a constancy which is the more' remarkable in view of the fact that the total ion-concentration of the solution is so largeabove 0 . 5 M throughout. This constancy inclines one to the belief that the solubility-product constant w i l l , when the experimental results can be properly interpreted, be found to hold for substances, the saturated solutions of which are not extremely dilute.2 From the mean value the ratio of the total amount of COZ in the solution (as given by them) to the magnesia is very irregular and in many cases is even less than From the numbers in the last column of Table VI , the values of the solubility-product constant were calculated ; these are reproduced in Table VII , alongside values calculated from an equation which was derived as follows: If we integrate the well-known equation lnK/dT = Q/RT2 on the basis that Q (the heat effect of the reaction considered) is constant over the temperature range, we obtain 1nK = (-Q/RT) + C, which has the form log K = (A/T) + B; or, in other words, when values of log K are plotted against I/T, the graph is a straight line. The plot of the data proved to be a straight line, the equation to which is
The agreement between the values calculated directly and those derived from Equation X I is very good, all things considered. Moreover, by comparing the above equations, we can calculate Q-namely (2 = -23 15 X 2.303 R = -10600 cal.; that is, the heat change corresponding to the reaction MgC03.3H20 = Mg" + COa= + 3Hz0 is an evolution of 10600 cal. (XI).
t.
T.
Derived from Table VI . The Solubility of MgC03.jH20 in Water in Contact with the Atmosphere, and the Question of Basic Magnesium Carbonates.-The figures in Table VI1 enable one to calculate, in precisely the same way as was to produce a pronounced trend in the values of wKM,. Conversely, careful work of this character could be used as a means of determining the extent of ionization, which would be practically independent of the assumptions made in the usual methods of deriving this quantity. To avoid misconception, it may be remarked that the values of y as given in the table were all chosen before any of the calculations of the value of nYKMg were made.
1 The solubility of MgC03.3H20 in "pure water" is given by Auerbach (2. Elektrochem., IO, 161 (1904)) as 0,0095 mol per liter a t IS', 0.0087 at q 0 , and 0.0071 a t 35 "; but these results are again indefinite for the reason already pointed out (p. 2008). In this case, as it happens, the process of hydrolysis goes on quite slowly a t ordinary temperatures. done for calcite, the total solubility of MgC03.3H20 a t temperatures up to 50' in water in contact with any partial pressure of COZ; but in this case the sparing solubility of Mg(OH)2 introduces an added complication which enters whenever the partial pressure is reduced to a definite limiting value, the magnitude of which depends upon the temperature. In order to'bring out this point, which has a very important bearing on the composition of basic carbonates of magnesia, we shall make the calculations for 18" and partial pressures ranging from o.oooz to 0.0005 atm. One has again to determine values of [Mg++] 
the value of P. IX), one obtains the relation
The choice between (I) and (XII) is not an arbitrary one, but depends uppn For by combination of Equations I and X (or VI11 and a value which exceeds the product XI1 whenever P is less than 0.000369. Consequently, when P is less than 0.000369, the solid phase in equilibrium with the solution a t 18' is not MgC03.3H20, but Mg(0H)'; in other words, this is a type of transition pressure, both solid phases being in equilibrium with the solution when the COz pressure is exactly 0.000369 atm. This transition pressure increases rapidly with rise of temperature because K2,/nklkz increases rapidly while KMg/c varies little ; the increase cannot, however, be calculated because the rate of increase of kz with temperature is not known.
From the values of the ion-concentrations computed by means of the above equations, the total amount of magnesium in solution was obtained by correcting for the ionization of Mg(HCO& and MgC03 at their respective concentrations. This was done by dividing the value of ( a ) l/~[HC03-] (b) [C03'] by the appropriate fractional ionization (7' and yz, respectively), which was read from a curve obtained by plotting the fractional ionization-as derived from the conductivity of solutions of (a) MgCl2 (b) MgS04-against the concentrations of Mg".
The results of these calculations are presented in Table VIII . The last column gives the total concentration of magnesium in solution a t 18' a t the several partial pressures, the solid phase in equilibrium with the solution being MgCO3.3H20 a t pressures above 0.00037, but Mg(OH)2 when the pressure of COz is less than 0.00037. Accordingly, if we keep the C02 pressure constant a t P and evaporate off the water a t I 8 O so slowly that equilibrium conditions are continuously attained, we shall obtain the following amounts of either Mg(0H)B or MgCOa.3HzO from one liter of the solution: 
4.12
If the constant pressure were exactly the transition pressure, both solid phases would be formed; but if it is slightly above or below this limit, either carbonate or hydroxide would separate when the water is evaporated off. At higher temperatures this transition pressure is, as noted above, higher.
From the foregoing it is obvious that the ordinary methods of preparing magnesium carbonate (in which, it is safe to say, a state of equilibrium is not attained continuously) will yield a product contaminated with hydroxide, the amount of which will depend upon the mode of working generally, and upon the prevailing partial pressure of COz over the liquid in particular ; moreover, that this contamination can be avoided completely by working with a partial pressure P greater than a certain limit. This limit is readily calculable in each particular case from the equations on p. 2015; and without doubt one could easily devise a process of preparing pure MgC03 in which one atmosphere of COZ would suffice to prevent the precipitation of hydroxide.
The quantitative results presented above may require modification by reason of the possible inaccuracy of some of the data involved; of these the one most open to question is the solubility of magnesium hydroxide in pure water, which would tend to be found too high owing to the circumstance that the amount of magnesium present in solution in contact with magnesium hydroxide is increased more than a hundredfold when the atmosphere in contact with the solution contains as little as 2 parts COZ per 10,000 (see Table IX ). Again the results given are subject to the limitation that the only solid phases are MgC03.3HzO and Mg(0H)z; when conditions are such that one solid phase is MgC03.HzO or MgG03, the appropriate solubility-products (which a t present are not known, and differ from one another, except a t the mutual transition points) must be employed. Moreover, if within any temperature or pressure range a definite crystalline basic carbonate should be capable of stable existence in contact with water,' it would have to be taken into account in calculations relative to those conditions. I n any case the general conclusions derived from these theoretical considerations are in complete accord with the established behavior of magnesium carbonate,2 and in particular give a rational way of accounting for the well-known indefinite character of the ordinary basic carbonates of magnesia.
The Deposit from Solutions Containing both Calcium and Magnesium
Carbonates. In any solution saturated with respect to both calcite and MgC03.3H20 the ratio of the concentrations of Mg++ and Ca++ must have a definite value; for instance, a t 16') this ratio is So long as MgC08.3H20 is the second solid phase this value is independent of the partial pressure of COz, and varies relatively little with the temperature. From the foregoing it follows that if a solution containing only calcium and magnesium carbonates is evaporated down (or if the partial pressure of COZ is gradually reduced, or if both things happen simultaneously) a t 16 O, pure calcium carbonate3 will precipitate so long This is equivalent to the condition that such a basic carbonate should have a definite solubility in water or water containing Con, it being the only solid phase present; this implies that its molar solubility must be less than l / z s 4 F h , where Kh is the solubility-product constant of Mg(OH)* a t the temperature in question, for otherwise Mg(0H)Z would be precipitated and two solid phases would be present.
See, for instance, Abegg's Handbuch, 11, 2, 66-9 (1907).
Under certain circumstances this might come down as aragonite instead of calcite; but this makes no difference in principle to anything here stated, for the solubility of aragonite is apparently only about 10% greater than that of calcite. This whole question is being taken up in another paper now in preparation.
as the above ratio is less than 14000, as it would normally be in natural waters, provided always that the COZ pressure is sufficient to prevent precipitation of magnesium hydroxide; on the other hand, the order of precipitation will be reversed if the relative concentration of magnesium ion be greater than 14000 (e. g., by addition of a soluble magnesium salt). It is to be emphasized however that the foregoing deductions, which are valid only if the only solid phases separating are pure calcite and pure MgC03.3Hc0, would have to be modified if, for instance, MgC03 can occur to a slight extent in solid solution with calcite, a possibility suggested by certain geological observations.
But we have another state of affairs if the partial pressure of COZ is such that magnesium hydroxide may precipitate ; and in actual practice this case may very readily occur, since the hydroxide appears when the partial pressure of COZ is about o.00037, a proportion which is somewhat greater than that normally present in outside air. This again can be readily calculated. By combination of Equations I and X we obtain the relation a t 16'; consequently for values of P less than 0.00037, 3.5 x IO'P,
a ratio which decreases steadily as P is reduced. It follows from this that calcium carbonate precipitated from a solution containing magnesium may very readily be contaminated with appreciable proportions of magnesium hydroxide, which would be removed only slowly by repeated reprecipitations. That this actually occurs in the commercial manufacture of calcium carbonate is evident from the experience of Hostetter,' who found it a matter of considerable difficulty to buy calcium carbonate satisfactorily free from magnesia. But this trouble may be obviated very easily, namely by conducting the operations in such a way that the liquid is always saturated with COz at a pressure above a certain limiting value ; this limit, which increases with the temperature, cannot a t present be specified very accurately, but is in all probability not greater than I atm. for any conditions likely to be encountered in actual practice. Further discussion of the deposits resulting from the concentration of solutions containing both calcium and magnesium carbonates will be deferred for the present, as it necessitates the consideration of the solubility, and proneness to supersaturation, of the several forms of calcium and magnesium carbonates, as well as of the double carbonate dolomite; * J. C. Hostetter, J. Ind. Eng. Cltem., 6, 392 (1914). and the evidence on some of these points is unsatisfactory or lacking altogether.
The Solubility-Produc t Constant of other Carbonates.
For the sake of completeness, the solubility-product constant of barium carbonate has also been recalculated. The data, which again are due to Schloesing, and the derived quantities are presented in Table X , which is altogether similar to The constants of two other carbonates are known approximately;' namely, for silver carbonate,2 for which it is about 10-l~~ and for lead ~a r b o n a t e ,~ about I 0 -14.
X IO-^

Summary.
The solubility-product constants of calcium carbonate (calcite) and of magnesium carbonate (MgC03.3H20), a knowledge of which is of importance in connection with several problems of geological interest, have been recomputed from the best experimental data available ; the results are satisfactorily concordant. This concordance is the more remarkable in view of the fact that in the case of the data for calcium carbonate the Approximately only, because the partial pressure of COZ (which, however, would be small) was neither controlled nor measured. is an evolution of 10600 cal. With a knowledge of these constants and of the solubility-product constant of magnesium hydroxide, one can show that calcium carbonate precipitated from solutions containing magnesium is likely to be contaminated with small quantities of magnesium hydroxide which could be removed only slowly by reprecipitations as ordinarily carried out ; that mixtures of magnesium carbonate and hydroxide will in general be obtained in the precipitation of magnesium by a carbonate and that the basic carbonates thus produced are merely indefinite mixtures of carbonate and hydroxide; and that both calcium and magnesium carbonates can be obtained free from contamination by keeping the partial pressure of carbon dioxide above a certain limiting value, the magnitude of which depends upon the conditions and in all probability need not be greater than I atm. by a suitable choice of mode of operation.
Incidentally the constant [HC03-]2/[C08c][H~C03] was recalculated from McCoy's data, and found to be 5600 n a t 25', where n (which is in all likelihood greater than 0.5) is the proportion of the total COn in solution which exists as HzC03; whence kz, the second ionization constant of carbonic acid, is 6 X ~o-ll, identical with the accepted value of this constant. It may be pointed out, moreover, that there can be no real equilibrium in aqueous solutions of carbonates except in presence of a definite partial pressure of C 0 2 in the atmosphere in contact with the solutionin other words, that, strictly speaking, we are dealing with a ternary system, namely, base-C02-Hz0 ; consequently any carbonate solution through which a stream of gas absolutely free from COz is passed, would gradually lose its carbonate and ultimately would contain only hydroxide.
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